Objective. To analyze and evaluate medium-term results obtained in endovascular treatment of complicated type B dissection. Methods. Prospective registry and retrospective analysis of the dissections treated with endoprosthesis in 1998 and 2010. Comorbidity, clinical presentation, anatomical characteristics, and evolution were recorded. Actuarial analysis was conducted for survival, follow-up and survival free of endoleaks, and free of reintervention due to relapse and/or progression. Results. Eighteen (18) patients were treated (14 male : 4 female), with a median age of 53 years (range 29-80). Their main symptoms were acute pain in 16 cases and hypertensive crisis in 15. The indications were 10 dissections not controlled by medication, 4 aneurysm dissecans, 2 acute lower limb ischemias, and 2 Type A progressions. Median 1.7 devices were used (range 1-4). Coverage of left subclavian artery was required in 3 cases, and of subclavian and left carotid artery in other 2 cases. There was a 100% technical success. Median follow-up was 43.1 months (1.5-127 range). There were two deaths caused by multiorganic failure, early mortality of 0%, and hospital mortality of 11%. There was a case of Type I Endoleak and 5 cases which required a new intervention due to relapse and/or progression. Cumulative survival at 30 months was 88%; follow-up free of endoleaks at 36 months was 91%. Follow-up free of progression/relapse at 12 months was 88%. Conclusion. Endovascular treatment of complicated type B acute dissection is an effective therapy for this condition, with a low associated mortality and with acceptable survival.
Introduction
Acute type B aortic dissection (B-AD) is still a life threatening situation [1] [2] [3] , particularly complicated ones, which comprise up to 22% [3] [4] [5] . Dissection is considered complicated when present at least one of the following features: refractoriness to medical treatment, in terms of blood pressure and/or pain management, ascending progression, malperfusion syndromes, and/or aneurysmal degeneration with a diameter of 5.5 centimeters or more [1, 6, 7] .
Besides these characteristics described about dissection, the fragility of these patients explains their high mortality.
They are typically elderly with high comorbidity and/or connective tissue diseases [1, 7] .
Regarding treatments to be used, medical treatment is the best choice in noncomplicated dissections [1, 6, 7] , while in complicated dissection presents mortality rates of 20% on the second day and between 25 and 50% in month [4, 7] , which inevitably leads to consider the use of more aggressive therapies [7, 8] such as conventional surgery and endovascular techniques.
In conventional surgery (which thoracotomy, aortic clamping, and occasionally prolonged mechanical ventilation [9] ) postoperative mortality ranges between 15 and 30%, which can rise up to 50% in emergency cases [8, 10] . On the other hand, when endoluminal devices are used, the mortality rates are about 17% [10] , although it is true that we are not aware of their long-term evolution and complications [6] .
The advantage offered by treatment with endoprosthesis is sealing the entry tear, redirecting the flow towards the real lumen, causing the obliteration, depressurization, and thrombosis of the false lumen, wich sustained permeability of which is associated with aneurysmal degeneration [7, 10] . The objective of this study is to analyze our results obtained in endovascular treatments of complicated acute type B dissection during a period of 12 years and their midlong-term follow-up.
Materials and Method
Based on our center prospective registry of patients treated with endoprosthesis between 1998 and 2010, a retrospective analysis was conducted of data for complicated B-ADs with less than 14 days of evolution.
Data were collected about comorbidity, clinical presentation, anatomical characteristics, surgical procedure, devices used, associated treatments, and technical success, according to the criteria by "reporting standards for thoracic endovascular aortic repair (TEVAR)" [11] . Regarding treatment indications, we limit to 72 hours of noncontrolled pain or blood pressure above 120 mmHg, wich coincides with the publication by Ehrlich and Cols, to define refractoriness to medical treatment [10] .
During in-hospital follow-up, renal failure after surgery and major postoperative neurological complications were recorded and at long term, follow-up free of Type I and III endoleaks [11] and follow-up free of reintervention due to progression and/or relapse [12] .
According to protocol, after diagnosis by computerized axial tomography (Figure 1 ), patients were treated under general anesthesia and arteriographic control. Whenever available, transesophageal and electroencephalographic control was conducted. As the sole criterion, in an urgent situation, cerebrospinal fluid drainage was performed for cases where extensive endovascular repair was foreseen, including the occlusion of more than 10 pairs of intercostal arteries [13] .
Bypass of supraaortic trunks were conducted according to the international recommendations by the "Society for Vascular Surgery, " in patients with any of the following conditions: (1) subclavian artery flow with insufficient compensation by ipsilateral vertebral retrograde flow, (2) presence of mammary-coronary bypass; (3) posterior inferior cerebellar artery depending on left vertebral, (4) hypogastric artery occlusion, (5) occlusion or absence of right vertebral artery, (6) previous lumbar or midsacrum ligature from other surgical procedures, (7) vascular access for hemodialysis in Figure 2 upper left limb, and (8) extensive coverage of thoracic aorta (>20 cm) [14] .
Technical success was defined as the absence of conversion to open surgery, no deaths within 24 hours, no intraoperatory Type I or III endoleaks, or no endoprosthesis occlusion [11] .
Malperfusion syndrome was considered to include those clinical cases of acute limb ischemia, acute renal and abdominal failure associated with the dissection, and radiological signs of limb, renal and/or visceral hypoperfusion [3, 15] .
We considered major neurological episodes, according to the publication standards by TEVAR [11] , those episodes of medullary ischemia or strokes with objective clinical diagnosis. Postoperatory renal failure, in agreement with "The Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group, " was understood as the first occurrence of a creatinine value that was twice the baseline value for patients' age and ethnicity, oligoanuria (<0.5 mL/kg/12 h), and/or the need for dialysis [16] .
Follow-up was conducted by Angio CT scan ( Figure 2 ), within the week after the procedure, at 3, 6, and 12 months and then annually. Actuarial analysis was conducted for survival and follow-up free of endoleaks and follow-up free of reintervention due to relapse and/or progression. The accepted values were those where standard error was below 10%.
Results
Eighteen (18) patients were treated, 14 men and 4 women, with a median age of 53 years (range 29-80). 66% of these patients presented hypertension, and 60% were habitual smokers; these were the most frequent clinical backgrounds (Table 1) . Three subjects, 17%, presented dissection on previous aortic dilation, with an average diameter of 56 mm (range 45-70). One patient suffered Marfan Syndrome.
Associated symptomatology included acute pain in 17 cases, hypertensive crisis in 16, and acute lower limb ischemia in two patients. Two other patients presented vagal reaction, one suffered a sudden onset of dyspnea, and another patient presented high creatinine values due to renal artery involvement. In seven cases, the aorta was the only vessel affected ( Table 2 ). The primary indication for invasive treatment was poor control of symptoms through medication, which occurred in 11 patients. Two of them presented insufficient pain management with controlled blood pressure, and in nine of them, pain and blood pressure were refractory to drugs, one of them being the patient with Marfan Syndrome.
The remaining indications were 3 patients treated for aneurysm dissecans, one of them, with an aneurysm of 43 mm, associated insufficient clinical control; 2 other subjects required treatment for acute lower limb ischemia, one of them with refractory pain; and the last 2 cases were due to Type A progression (Figure 3 ), both with low response to analgesic treatment. One of the dissections with ascending progression was treated with ascending aorta replacement, while covering the entrance and conservative management was chosen for the other one (Table 3) .
Regarding devices used, 4 patients were treated with relay thoracic endoprostheses (Bolton Medical, Sunrise, Florida), 5 patients with valiant thoracic stent grafts (Medtronic Vascular, Santa Rosa, California), and 8 patients with talent thoracic stent graft system (Medtronic Vascular, Santa Rosa, California). There was median 1.7 endoprostheses used per patient, ranging from one to four. Subclavian artery coverage was required in 3 cases, and other 2 cases required left carotid and subclavian artery coverage.
Within operating room, 100% of patients required pharmacological blood pressure control during the procedure; in 2 cases, there was electroencephalographic monitoring, and 15 patients underwent cerebrospinal fluid drainage. There was 100% technical success, with immediate improvement in pain symptoms, which even disappeared after the procedure. The following associated procedures were required, listed by vascular areas.
Within the supraaortic territory, one carotid stenting and two bypass procedures were conducted. One patient required stent implantation in his left carotid artery, due to proximal migration of endoprosthesis. Another patient underwent sequential carotid-carotid-subclavian bypass, due to requiring subclavian-carotic coverage in order to obtain an anchorage area large enough for the endoluminal device. And another subject required aneurismal ascending aorta repair, with right carotid ligature, and therefore a left-right carotidcarotid bypass was performed. No sequelae were objectived during the follow-up. Within the visceral area, 3 patients had renal stents implanted.
Within the aortoiliac area, 3 iliac stents were implanted and 3 aortouniliac endoprostheses. Each endoprosthesis had an iliac occluder and a femoral-femoral bypass associated and in one case, a covered stent was implanted from the external iliac to the hypogastric artery (Table 3) .
Five cases required reintervention, three of them due to progression (two distal and one proximal), one due to aortic rupture, and the last one due to device rotation, with hemodynamic consequences.
In one of the distal progression cases, a talent aortouniliac device was implanted, and a femoral-femoral bypass was performed while in the other case, an intimal flap was attached in the left femoral artery.
The patient with proximal progression required the implantation of a valiant endoprosthesis with subclavian and carotid occlusion and a carotid-carotid bypass.
Aortic rupture occurred at 23 days of the B-AD treatment. This was associated with a Type Ib Endoleak, on a Talent device. Despite the emergency implantation of two Bolton devices, with an interval of 22 days between them, death occurred four days after the last implantation, due to hemorrhagic shock. The valiant endoprosthesis torsion was successfully treated, both technically and clinically, with a Bolton device.
Three postoperatory acute renal failures were described, and no major neurological episode was observed. Mortality at 30 days was 0%, with two deaths at 46 and 55 days, which represents 11% rate of hospital mortality. The death of the patient which required an ascending aorta replacement was due to multiorganic failure during the postoperatory period, while the patient who required a new intervention due to aortic rupture died due to the above mentioned hemorrhagic shock.
There was average follow-up of 43.1 months (standard deviation 41 and range 1.5-127). Cumulative survival at 30 months was 88%, and survival free of endoleaks at 24 months was 88%, while follow-up free of endoleaks at 36 months was 91%. Survival free of progression/relapse at 12 months was 83%, and follow-up free of progression/relapse at 12 months was 88% (Figure 4 ). scientific evidence, with lower short-term mortality rates than the rest of alternative options [1, 6, 7, 10] and with medium-term studies showing good results under controlled conditions [10] .
Conclusions
Our study, based on clinical experience, presents a realistic situation in one single center. We realise that we only Journal of Angiology 5 perform around six hundred arterial procedures, with sixty endovascular aortic repair annually. Despite its chronological bias and its limited sample size, it is in line with standardized publications, with hospital mortalities between 3 and 20% in international series and 11% in our data and with survival at one year and 5 years of 79% and 61% respectively, versus 88% in our series at 30 months [10, 17, 18] .
The use of different models, from various manufacturers and even of different generations, is directly associated with the normal evolution during the last 10 years. However, all devices have the same limitation: their design. This design, targeted at aortic aneurysms, does not meet all needs for the correct treatment of dissections; therefore, they are used offlabel [1, 3] . Until relatively recent times (2010), there were no devices designed and approved for dissections in Spain; therefore, results obtained can be improved, a priori, once these new specific devices are used [3, 19] .
Indication is another relevant item. A high rate of insufficient medical treatment (61%) is observed as primary indication. Aggressive treatment for pain management and blood pressure control is not always enough. Pain represents a special problem. Its subjective and extremely personal nature may lead to a potential excess in therapeutic indication; if this was so, it would amount to 10% of the series in our case. However, we think that the implantation of endoprosthesis in these cases seems to be justified by the absence of clinical symptoms after the intervention, and the potential complications if not treated.
Regarding associated techniques, supraaortic trunks revascularization continues being a subject for debate. In the clinical practice guidelines by the "Society for Vascular Surgery, " there are no clear premises about its indication. Revascularization is suggested if there is a left subclavian occlusion during implantation of the endoprosthesis, and previous routine revascularization is recommended if collateral circulation involvement is foreseen; in this case, assessment of the left vertebral artery is very important [20] . All this is part of a cautious attitude, considering the devastating nature of potential neurological complications, and the low rates of complications with the preservation of subclavian antegrade flow [15] , rationale we support and apply in our center.
Regarding endoleaks and reinterventions, we have observed in our series an aggressive behavior difficult to control. There are multiple reasons for this: on one hand, the characteristics of the disease and the patients and on the other hand, the use of non-specific endoprostheses on difficult anatomies. Therefore, we consider close follow-up of these patients is necessary, as well as a conservative attitude, unless there are life-threatening events for the patient [7, 21, 22] .
For all the above mentioned, we consider that endovascular repair with endoprosthesis is a valid treatment, with acceptable mortality rate and follow-up without complications, even though the evolution of its complications is usually unpredictable and catastrophic and therefore represents a challenge for surgeons.
